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For a personal retention copy~ call Tech. Info. Division~ Ext. 6782. Many authors have explained fluid nonideality by supposing that a fluid contains not only the apparent molecular species but, in addition, polymers of such species which are in chemical equilibrium; for example, for acetic acid vapor, deviations from ideal-gas behavior at low or moderate pressures are readily explained by assuming that acetic acid dimerizes, in part, to form acetic acid dimers in addition to acetic acid monomers. Similarly, thermodynamic properties of liquid solutions of hydrocarbons and alcohols can be correlated by postulating that alcohols polymerize, in part, to form dimers, trimers etc. in addition to alcohol monomers; finally, thermodynamic properties of liquid solutions of chloroform and acetone are readily interpreted by assuming that these two species solvate to form a 1:1 chloroformacetone complex.
When these "chemical" theories of nonideal fluids were first proposed early in this century (Dolezalek,1908) , it was customary to assume that the "true" species form an ideal solution; in other words, all deviations from ideal behavior were ascribed to chemical effects. It was not until (about) 1950 that some authors took into account also physical interactions between the true species (Scatcnard, 1949; Kretschmer and Wiebe, 1954) . However, theories which usea both chemical and physical contributions to nonideality were confined either to gases at moderate densities (second virial coefficients) or to liquid solutions containing only subcritical components at conditions remote from critical.
It was only in 1976 that Heidemann (1976) proposed an equation of state, applicable to all fluid densities, for fluids which exhibit chemical and physical contributions to nonideal behavior. Since then, other authors, notably Gmehling and Liu (1979) , Baumgaertner et ale (1980) and Wenzel et ale (1982) have proposed similar equations of state based on a variety of simplifying assumptions. However, to the best of our knowledge, for such equations of v -. ject to simplifying assumptions, we take into account physical interactions (repulsion and attraction) between the chemically-equilibrated molecular species.
To obtain the desired expression for A we consider four steps, all at temperature T. Our reference states are pure component A and pure component B , each at T and 1 bar, in the ideal-gas state. In this reference state, pure components A and B exist only as monomers.
Step I -Formation of Pure Associated and Solvated Species in the Ideal-Gas State at T and 1 bar:
-5- We now introduce nT , the total number of moles
We then obtain for ~II i=l nB. ln nB.
1. 1.
Step 
or, using the Carnahan-Starling equation,
Step IV -The Hard Spheres at T and V are Charged with an Attractive
Potential to Form a Real Mixture:
where ~ is a parameter characterizing the attractive potential energy of 
(10)
The equation of state for pressure P follows from 
There is a similar relation for ~B.
In Equation (15), the first three terms are ideal-gas contributions;
the fourth and fifth terms are hard-sphere contributions; the remaining terms are contributions from attractive forces.
-8-
We consider four types of chemical equilibria:
Association of A:
Association of B:
Solvation:
Here ~ is the true mole fraction (3 j -nj/nT) , and cp is the fugacity coefficient given by the well-known thermodynamic relation
where z -PV/nTRT is the compressibility factor.
The four chemical equilibria [Equations (16), (17), (18) and (19)] contain ratios of fugacity coefficients. In general, these ratios depend on temperature, density and composition. In that event, we have tremendous mathematical complexity. however, ,as shown by Heidemann (1976) ,.
awhere 0 < w < 1 and kAB is a binary interaction parameter. Eq. (23) is unchanged.
With these mixing rules, we obtain
The detailed derivation is presented in Appendix I. Note that when W'" 1 (as in Heidemann's work), only repulsive forces contribute to a.
To obtain n~ , nB l and Do/nT , we must simultaneously solve the chemical equllibria and material balances,as discussed in Appendix II.
(24)
- 
In the limit xA + 0 , z is the compressibility factor of pure liquid B.
Because A is nonassociating, KA -0 , and the general formula for solvated species is AB i •
Data Reduction
To apply Eq. (29), we take water for solvent B in the temperature range 20-300°C. At any temperature, we must obtain parameters a and band association constant K B • To do so, we use experimental data for vapor pressures and for liquid densities over a range of temperature (Bain,1964) .
Since it is difficult to obtain 3 unique parameters, we use in addition,-experimental Henry's constants for a particular nonassociating solute A, viz. methane (Crovetto et al.,1982) and experimental PVT and vapor-pressure ~ data for pure methane (IUPAC, 1976) . We use mixing rules Eqs. (23) and (24) with w = 0 and for methane-water we arbitrarily set kAH = 0 • Table 1 shows results of data reduction for water. True mole fractions (up (016) are also shown at each temperature for saturated liquid water. 
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• ¢ (Gas Processors Association, 1982) • (Gas Processors Association,1982) ~ (Tsonopoulos and Wilson,1983) ' "' We also reduced experimental Henry's-constant data in water for 14 nonassociating solutes in addition to methane. Results are shown in Figures 4-9. Good fits are obtained for argon, krypton, nitrogen, oxygen, carbon monoxide, carbon dioxide and hydrogen sulfide using a single value of k AB , as given in Table 2 . We note that the molecular sizes of these solutes are close to that of water. However, results are not good for xenon, pentane, hexane, cyclohexane and benzene whose molecular sizes are appreciably larger than that of water; results are also not good for hydrogen, helium and neon whose molecular sizes are appreciably smaller than that of water. Our inability to fit Henry's constants for these asymmetric systems is probably due to the use of a one-fluid approximation (Equation 4) and also due to the inadequacy of mixing rules Eqs. (23) and (24). It app~ars that, while the chemical theory of associated fluids takes into account the effect of strongly oriented intermolecular forces; the one-fluid approximation with simple mixing rules fails to take into account normal intermolecular forces (repulsion and attraction) in mxtures where the molecules differ significantly in size. Our mixing rules are, essentially, generalizations of the v.an der Waals one-fluid theory of mixtures; the work of Shing and Gubbins (1983) has shown that a one-fluid theory leads to significant error for asymmetric mixtures, especially in the dilute region. To improve the cnemical theory of solutions, it will be necessary" to focus attention on better relations for calculating A and b.
Proceeding empirically, we can very much improve our fits of Henry's constants by aSSigning a small linear temperature dependence to kAB as shown in Table 2 . We note that for large solutes,. kAB increases with temperature while for small solutes, kAB decreases with temperature. -17-lines) according to Table 2 . This empirical procedure is clearly not satisfactory but may have some utility for estimating solubilities in water when no experimental data are available.
-18- · -20-Appendix I. Derivation of Equation (25) We rearrange Eq.(12) as follows:
According to Eqs. (23) and (24), nTh and a/bl+W are functions of nAo , n Bo and parameters of monomers only, and anAo/an Ai ' anBc/an Bi ' anAO/an(~)i an(Bo)/3n(AB)i all equal i • We obtain the following equations through differentiating Eq. (1-1);
RT. (1-6)
3~ (~)
(1-7)
Appendix II. Solution for n A1 , ~l and no/n T • Substituting Eqs. (25) into Eqs. (16), (17), (18) and (19), we get (II-I)
Then we can write the following equations from material balance.
. 
